From "How to Produce Neutrons" point of view, the design of moderator used for pulsed neutron source is described for neutron scattering experiments. The pulse characteristics of high peak intensity, narrow pulse width and short tail, are three essential elements for short-pulsed neutron beam, which is produced by slowing down process of fast neutrons in a moderator. The high peak intensity and the narrow width are in a relationship of trade-off. We developed three kinds of moderators, which dedicated to peak intensity or narrow width or short tail, for MW class short-pulsed neutron source. Each neutronic performance of moderator is described.
1.

KEK
[1] Leakage neutron spectra from target Thermalized peak Neutron spectra from moderator [6] RAL ISIS TS2 TS1 4 [7] 3. [9, 10] KENS [11] IPNS [12] 100 kW [13] [3] [14] MW 20 K logarithmic energy loss for the bound hydrogen atom [31] . However, it is commonly considered that τp = 1.2/ √ E (µs) is a good guess for H2O at higher energies in the slowing-down region. To describe pulse shapes over the slowing-down, thermal equilibrium and the transient regions, following a semi-empirical formula (the so-called Ikeda-Carpenter function) [32] was proposed; 3 × exp(−βt) − exp(−v�t) 1 + (v� − β)t + (v� − β) 2 t 2 2 (t > 0), (5.3) where φ(v, t) is the neutron flux in the slowing-down region obtained from the slowing-down density N(E, t) in equation (5. 2) with the condition that the time integral of φ(v, t) over the emission time is normalized to unity. β is the decay constant of thermalized-neutrons characterized by the moderator. The first term is a 'slowing-down' term, which represents the pulse of epithermal neutrons, while the second term is a 'storage' term, which represents the buildup and decay of a single eigenmode of thermalized-neutrons. R is the ratio of the intensity of the storage term to the total intensity in the pulse and is a function of energy E. R approaches unity at lower energies in the thermal equilibrium region, and zero in the slowing-down region. [3] in pulse width. In other words, the increase in the pulse width with moderator thickness is larger than the increase in I into15 meV ; exhibiting maxima in I pk : A higher value of I pk at 2 and 10 meV is obtainable with a higher para-H 2 concentration for a thicker moderator beyond 100 mm: On the contrary, I pk at 50 meV continuously decreases with increasing moderator thickness. The higher values of I pk at lower energies (2 and 10 meV) are only obtainable at a penalty in I pk at higher energies (> 30 meV; see Fig. 6 ). The long-time behavior of neutron pulses is also important. Fig. 9 shows the full width at 2% peak intensity (DT 2% ) as a function of H 2 moderator thickness and para-H 2 concentration. The DT 2% value decreases with para-H 2 concentration and is in pulse width. In other words, the increase in the pulse width with moderator thickness is larger than the increase in I into15 meV ; exhibiting maxima in I pk : A higher value of I pk at 2 and 10 meV is obtainable with a higher para-H 2 concentration for a thicker moderator beyond 100 mm: On the contrary, I pk at 50 meV continuously decreases with increasing moderator thickness. The higher values of I pk at lower energies (2 and 10 meV) are only obtainable at a penalty in I pk at higher energies (> 30 meV; see Fig. 6 ).
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The long-time behavior of neutron pulses is also important. Fig. 9 shows the full width at 2% peak intensity (DT 2% ) as a function of H 2 moderator thickness and para-H 2 concentration. The DT 2% value decreases with para-H 2 concentration and is [41] . Table 2 Quantities relevant of reßector materials for neutron slowing down [40] .
Pulse-tail characteristics and decoupling energy
the case down to around 1 eV. As an example the scattering cross section of hydrogen is given in Fig. 8 .
The probability of a collision to happen depends on the macroscopic cross-section
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with s being the microscopic cross-section and N the number of atoms per unit volume. L is the mean free path between collisions. L being constant, the time t i between collisions, and therefore the number of neutrons pre certain velocity interval, is inversely pro to the neutron velocity, v i .
Because the neutron flux can be interpre product of the number of neutrons volume in a certain velocity interval t velocity, the neutron flux in the slow regime depends on the neutron velocity the case down to around 1 eV. As an example the scattering cross section of hydrogen is given in Fig. 8 .
with s being the microscopic cross-section and N the number of atoms per unit volume. L is the mean free path between collisions. L being constant, the time t i between collisions, and therefore the number of neutrons present in a certain velocity interval, is inversely proportional to the neutron velocity, v i .
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Because the neutron flux can be interpreted as the product of the number of neutrons per unit volume in a certain velocity interval times their velocity, the neutron flux in the slowing-down regime depends on the neutron velocity as v �2 or the case down to around 1 eV. As an example the scattering cross section of hydrogen is given in Fig. 8 . The probability of a collision to happen depends on the macroscopic cross-section
with s being the microscopic cross-section and N the number of atoms per unit volume. L is the mean free path between collisions. L being constant, the time t i between collisions, and therefore the number certain velocity interva to the neutron velocity,
Because the neutron flu product of the numb volume in a certain ve velocity, the neutron regime depends on the [10] ; for H, D, N, O, respective boiling points at 1 atm; for the compounds, cross-sections and N are given per molecule the case down to around 1 eV. As an example the scattering cross section of hydrogen is given in Fig. 8 .
with s being the microscopic cross-section and N the number of atoms per unit volume. L is the mean free path between collisions. L being constant, the time t i between collisions, and therefore the number of neutrons pre certain velocity interval, is inversely pr to the neutron velocity, v i .
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Because the neutron flux can be interpreted as the product of the number of neutrons per unit volume in a certain velocity interval times their velocity, the neutron flux in the slowing-down regime depends on the neutron velocity as v �2 or the case down to around 1 eV. As an example the scattering cross section of hydrogen is given in Fig. 8 .
Because the neutron flux can be interpreted as the product of the number of neutrons per unit volume in a certain velocity interval times their velocity, the neutron flux in the slowing-down regime depends on the neutron velocity as v �2 or 4 and NH 3 r is given at the respective boiling points at 1 atm; for the compounds, cross-sections and N are given per molecule.
SECTION I.
Atomic Weight σ fr , σ b , σ inc , and σ a are cross section of elastic scattering, total cross section, inelastic scattering and absorption cross section for thermal neutron energy. ρ, N, 1/Nσ fr , χ and υt are density, atomic density, mean free path and number of collisions of slowing down neutron from 2 MeV to 1eV, respectively.
